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BEEF CATTLE NATIONAL GENETIC EVALUATION PROGRAMS
LARRY BENYSHEK1
THE UNIVERSITY OF GEORGIA
ATHENS

Introduction and Brief History
Selection alters the frequency of genes in a population (breed) affecting
a particular characteristic. Population genetic change is difficult for breeders
to understand because they deal with individuals when making selection decisions
and in their merchandising programs. Nevertheless, breeds (populations) which
practice intense selection for characteristics of economic importance to the
cattle industry will change genetically and eventually be the successful
populations because they will leave the most progeny in the next generation. The
genetic improvement of a population (breed) cannot overlook the individual
because the individual, if selected, is the vehicle containing the genes which
are to be passed on to the next generation. Bull selection is central to
directed changes in gene frequency of any defined beef cattle population because
of the low reproductive rate in beef females. Sophisticated genetic prediction
techniques have been developed to help U.S. beef cattle producers make sound
selection decisions.
In 1971-72, the American Simmental Association published the first U.S.
National Beef Sire Summary. Only a few far-ranging thinkers understood what the
publication of this document really meant to the beef industry. Bulls were now
compared across herds and/or generations. Beef cattle breeding had entered the
twentieth century!
Proliferation and implementation of technology in the area of beef sire
evaluation has been fantastic. Or. C.R. Henderson (1973) presented an invited
paper at the 1972 American Society of Animal Science meetings which formalized
his mixed model procedures providing best linear unbiased predictions (BLUP) of
breeding values.
Increased use of artificial insemination in beef cattle has provided a data
Increased
structure which lends itself to rather sophisticated models.
sophistication of mathematical models used in National Sire Evaluation (NSE) has
paralleled improvements in computer hardware.
Introduction of large-scale
scientific "super" computers has certainly opened the door to applications of
models not thought possible only a few years ago.
National Sire Evaluation procedures first used a rather basic model
including contemporary group effects, sire effects and residual (random error).
The sire effects become the "Expected Progeny Differences" (EPOs) when the model
is applied.
The model required that sires and contemporary groups be
"connected", that is at least some sires must be used over more than one
contemporary group thereby forming "ties" between sires across contemporary
groups. Each contemporary group had to have at least two sires represented.
1
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The "animal model" along with the data structure the purebred beef industry
had established by ten years of AI and NSE seemed to provide the ultimate in
genetic prediction techniques for beef cattle--across herd and/or generation
evaluations of all individuals (male and female) in the breed. However, the
complexity of the model resulted in a computational nightmare. Quaas and Pollak
(1980) proposed an equivalent model called the reduced animal model. The reduced
animal model was less of a computational nightmare but also seemed beyond
computing strategy and hardware of the time.
Application of the reduced animal model was encouraged by the availability
of 1arge sea 1e scientific computers and experience gained in deve 1oping computing
strategy for more sophisticated models in 1983-84. In late 1984, the model was
applied to large beef cattle populations and the technology has now been
generally adopted by all the major beef breeds in the United States.
The technology in prediction of genetic values is rapidly being accepted
across the beef cattle industry, because now the commercial industry can share
directly and much earlier in the purebred industry genetic progress. Young bulls
not yet producing progeny (nonparents) now have genetic values (EPDs) comparable
across herds and/or generations just as the older progeny tested sires have had
for years in NSE. In 1985, the U.S. purebred cattle industry moved from National
Sire Evaluation to National Cattle Evaluation.
Evidence that Genetic Predictions Can Impact Breeding Programs
Procedures used in making genetic predictions have been developed on a
sound theoretical basis. Genetic theory has always been difficult to directly
substantiate and has relied many times on indirect proof. Research efforts must
be enhanced to continue challenging the theory and assumptions on which national
beef cattle genetic improvement programs are based.
Perhaps the first place to look for evidence that sire evaluation is
influencing breeding programs is the genetic trend in breeds which have been
using such programs. Figures 1 and 2 plot the genetic trend for yearling weight
(YWT), weaning weight (WWT), birth weight (BWT) and milking ability as pounds of
weaned calf (MAT) in the Angus and Horned Hereford breeds. The graphs represent
the average breeding value for animals born in a particular year.
It is encouraging that the trends for weaning and yearling weight are
positive. The WWT trends for 1970-90 are 2.4 and 2.2 lb/year for Angus and
Hereford, respectively. The YWT trends for Angus and Hereford are 4.0 and 3.4
lb/year. The trends are probably not significantly different between these
breeds.
The number of bulls evaluated through National Sire Evaluation became
significant in the late 70's for the two breeds. The rate of genetic change for
weaning and yearling weight from 1977 to 1990 is more than double the rate for
the period 1970 to 1978. The magnitude of the effect of NSE on these breeds is
difficult to quantitate; however, there has been increased interest in
performance and along with that interest has come greater use of outstanding sire
summary bulls in both breeds.
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Figures 3 through 7 compare the genetic trends in the NWBS experimental
herd with the genetic trend in the Horned Hereford breed for several traits. The
data for the NWBS herd represented in these graphs includes calf crops through
1989. These calf crops are not included in the data in Table 1 since the
selection practiced changed somewhat with the 1983 breeding season. Selection
has been continued for yearling weight; however, some attention was given to ease
of calving bulls for first calf heifers. The genetic trend for the NWBS herd has
been over 7.3 lb per year from 1977 to 1989, whereas the trend for the Hereford
breed for that same period was 4.5 lb per year.
Generally, the trend in the NWBS herd had been at least twice that in the
Hereford breed until 1985. The use of low birth weight EPD bulls with lower
yearling weight EPDs on a large number of heifers appears to have contributed to
some decline in the rate of genetic change in the NWBS herd. Basically, this
decline in the rate of genetic change from 1984 to 1985 indicates the necessity
of maintaining intense selection pressure if rapid genetic improvement is to be
accomplished. If calving difficulty becomes a problem as it did in the 1984 calf
crop then it is imperative to find bulls with low birth weight EPDs which can
also continue changing post-natal growth. It is of interest that calving
difficulty was not a problem in the first six calf crops at the NWBS (see Table
1) .

In addition to the change in selection pressure, another contribution to
the decrease in yearling weight genetic change was that one of the top EPD bulls
selected for use in the project produced progeny which did not perform up to
expectation. This may have been due to random chance (simple sampling error) or
perhaps a sire by environment (herd) interaction. Even with the decline from
1984 to 1985, the NWBS herd is changing much more rapidly than the Hereford
breed.
Figure 4 compares the weaning weight trend for the NWBS and the Hereford
breed. Again, until 1985 the trend had been over two times as great in the NWBS
herd as the Hereford breed. From 1977 to 1989, the NWBS herd changed at a rate
of 4.6 lb per year versus 2.9 lb per year for the Hereford breed.
Figure 5 compares the birth weight trends. Selection of lower birth weight
EPD bulls did result in a decline in the rate of change for birth weight
experienced in the first six calf crops. The NWBS herd has increased birth
weight .6 lb per year while the Hereford breed increased only .3 lb/year.
No attention has been given to maternal (mil king ability)
selection of bulls for the NWBS. Observation of Figure 6 shows
expected in maternal ability change if attention is not given to the
selection program. The NWBS milking ability breeding values have
down during the study.

EPDs in the
what can be
trait in the
been up and

Frame size has never been a consideration in the NWBS selection program.
Generally, size appears to be increasing at a more rapid rate in the NWBS cattle
than in the general Hereford population. This change is due to the relationship
between weight and height. Hip height (see Figure 7) has increased at .15 in per
year in the NWBS cattle while during the same period the Hereford breed changed
.08 in per year.
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A disproportionate difference between fetus size and dam size is the major
cause of dystocia. Many factors, both genetic and environmental, affect the size
of the calf at birth and also the size of the dam. These include sex of calf,
length of gestation, breed, heterosis, inbreeding, genotype, age and parity of
dam and nutrition of dam. Size of dam has generally not been a good predictor
of calving ease because larger dams tend to produce larger calves.
Pelvic size measured as pelvic area is inversely related to the occurrence
of dystocia in heifers. Measurement of pelvic size has received more attention
in recent years as a possible way to reduce dystocia. Pelvic area (computed as
the product of a vertical and horizontal measurement) appears to have a
heritability of .53 as reported by Benyshek and little (1982) in a study
involving Simmental cattle. However, that same study indicated the genetic
correlation between pelvic size and birth weight to be large (.73). Thus,
selection for increased pelvic size could be accomplished; however, without some
attention to birth weight the actual decrease in dystocia would be minimal.
Pelvic size could be incorporated into National Cattle Evaluation Programs.
This would require large numbers of heifers to be measured in the purebred
industry. Pelvic size measurement is not difficult but does require some
training. The measurement requires time and labor to collect the data. At
present the effect of such selection on dystocia would appear to be minimal, thus
it seems impractical for the purebred industry to gather the necessary data.
Pelvic size measurements may be useful as a commercial producer management tool
in making mating decisions for first calf heifers in conjunction with other
available information such as birth weight EPDs.
The effect of calf shape on dystocia is a popular topic of conversation
among cattlemen. It seems logical that shape of calf should have some effect on
calving ease; however, scientific investigation has given little credibility to
the idea. Laster (1974) measured new born calves within 24 hours of birth for
shoulder width, hip width, chest depth, wither height and body length. He found
these measurements independent of birth weight to have no relationship to
dystocia. In two recently published studies (Nugent et al., 1991 and Nugent and
Notter, 1991), it was also concluded that selection for calf body shape
measurements (head circumference, shoulder width, hip width, heart girth, cannon
circumference and length and body length) would not reduce dystocia.
Generally birth weight is considered by most to be the major antagonist to
calving ease. Birth weight EPDs are available for all breeds with NCE programs.
Scrutinizing the birth weight EPDs of individuals to be mated can lead to
acceptable phenotypic birth weights and a reduction in dystocia. Perhaps of most
importance is for the industry not to become captivated by single trait selection
for growth such as yearling weight EPD. The relationship between postnatal
growth and prenatal growth is positive and as shown by the birth weight changes
in the Hereford selection project at the Northwest Georgia Branch Station (see
figure 5) discussed earlier in this paper.
Birth weight can be moderated by using EPDs. This has been done in the
Hereford Selection Project at NWBS. In addition to the NWBS study Arnold et al.,
1990 at The University of Georgia has summarized a study concerning the accuracy
of birth weight (BWT} and yearling weight (YWT} EPDs. In the four year study,
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equation which shows the factors considered in the computations. The following
equation computes maternal ability breeding value which is two times MEPO.
MEPD X 2 = Regression
Cow's calves' Contemporary
Calves'
Coefficient X weaning
- group effect - growth records
breeding
value
<summed over all the cow's calves>
+ Regression

Coefficient

Permanent]
E!lVirana,tal
effect of tre

cow

X rsum of the milk breeding values for relatives
I
of the individual

- Regression X
Coefficient

1/2

]

[Sum of the milk breeding values for mates]
of the individual

+ rAdjustment for the relationship between growth and milking]
abn ity

L

If this equation is for a cow who has raised a calf, the first part of the
above equation adjusts the records of her calves to reflect her milk production.
First, the contemporary group effect is adjusted out of the record removing any
environmental factors which may have influenced the record positively or
negatively compared to all other calves' records in a particular contemporary
group. Second, the ca 1ves' growth breeding va 1ues are subtracted from the
records. This second subtraction removes the effect of the ca 1ves' innate
genetic ability to grow leaving the portion of the record reflecting the cow's
milking ability. This is the portion of the record that the cow would influence
through her milking ability regardless of the genetics possessed by her calves.
Finally, to get the records to more adequately reflect the cow's genetics for
mi 1king abil i ty, the permanent env i ronmenta 1 effect is subtracted from the
record. The regression coefficient is a weighing factor which adjusts for the
heritability of the trait and the relationship between this piece of information
(records of her calves) and other possible sources of information (relatives of
the cow).
The second part of the equation brings the pedigree of the individual (a
cow in this case) into the computations. The procedure moves backwards and
forward through the pedigree. It picks up information (breeding values) on the
ancestors of the individual particularly the sire and dam. However, if progeny
are available it will gather the information (breeding values) on each progeny.
The third part adjusts for mates of the individual removing any bias caused by
non-random or specific mating. The final entry in the equation adjusts for any
genetic relationship between growth and milking ability.
The reliability of the MEPO is many times questioned by breeders,
particularly MEPOs for yearling bulls. Correlations between the pedigree MEPOs
on young bulls and the MEPDs those same bulls will produce as their daughters
come into production is about .45. This is less than the .60 correlation found
for early information (record and pedigree) versus later progeny test EPOs for
growth traits. Once a young bull produces progeny with records the correlation
will improve. MEPOs for sires can have a high degree of accuracy actually at the
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COMPUTATIONS ASSOCIATED WITH NATIONAL BEEF CATTLE EVALUATION PROGRAMS
LARRY BENYSHEK1
THE UNIVERSITY OF GEORGIA
ATHENS
In 1971-72 the first U.S. National Sire Summary was published by a beef
cattle breed association. At that time the idea of extending beef performance
records into a national progeny testing program was indeed revolutionary. Until
1972, truly accurate comparisons of bulls could only be made within a herd-yearseason contemporary group. The first and subsequent National Sire Summaries
compared bulls across herds and/or generations.
In the years following the first sire summary publications, most researchers
working in the area of national genetic evaluation had contended National Sire
Evaluation (NSE) was a means to an end rather than the ultimate in a genetic
improvement program. Three major problems existed with NSE from the industry's
point of view. First, bulls had to produce progeny before entering the program
which resulted in published evaluations of old bulls. Older bulls were usually
available only through AI which made them impractical for use in much of the
commercial industry. Furthermore, the purebred industry tends to seek young
bulls rather than old bulls in an attempt to reduce the generation interval and
make faster genetic change. Thus, while the evaluations in National Si re
Summaries were and still are very accurate, both the purebred and commercial
industry struggled in the late 70's and early 80's with how to effectively use
the published results. A second problem with NSE was breeders, particularly
purebred breeders, contended some bulls in NSE were being mated to superior cows
causing a serious bias in the evaluation of those bulls. Fortunately, research
has shown this second prob 1em was more perception than reality. The third
problem was NSE programs did not use the individual's own performance record in
the analysis. This third problem was not serious for bulls with a substantial
number of progeny; however, for a young bull with only a few progeny it meant
neglecting a very important piece of performance information. Another deficiency
of NSE was that it provided genetic values on males only, thus the females which
provide half the genes in the population were ignored. The application of the
"Animal Model" in 1984-85 provided evaluations essentially free of the problems
associated with National Sire Evaluation and allowed the industry to move to the
next phase of genetic improvement now referred to as National Cattle Evaluation.
Today National Cattle Evaluation (NCE) programs are available in all the
major beef breeds and have several distinct advantages over NSE programs:
1)

NCE provides a genetic value for an individual which incorporates any
combination of progeny, pedigree (sire and dam) and individual record
information. Thus, the individual's own record, if available, is
incorporated into the analysis. The genetic values from NCE programs

1
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Best linear unbiased prediction procedures (BLUP) used in National Cattle
Evaluation programs are complex, to say the least. Let us now examine how
factors such as the contemporary group influence the computation of an
individual's expected progeny difference (EPO).
First, an example of a contemporary group effect. Remember the definition
of a contemporary group is a set of animals of the same sex and similar age which
have had equal opportunity to perform (same management, pasture, year, etc.).
As an example, suppose we have two contemporary groups (these could be herds
also) which have the same two sires, say A and B, represented. Each sire
produces ten bull calves in each contemporary group. The performance of each
sire's progeny in each group is sununarized in the following table:

Contemporary groups (herds)
Sires

A
B

Average

2

Average
across herds

500*
400*

550*
450*

525
425

450

500

1

*Average of 10 calves by each sire in each contemporary
group.
The averages by sire across contemporary groups gives one the difference in
progeny performance for the two bulls A (525) and B (425) with bull A's progeny
having a 100 pound advantage (sire differences). The averages by group across
sires quantitates the difference between contemporary groups. As you can see
there is a 50 pound advantage for group 2. This is the contemporary group
effect. If one assumes the females are similar for both groups then the 50 pound
advantage for group 2 must come from some environmental source. Whatever the
cause of differences between contemporary groups is of little concern; however,
these differences may bias the evaluation of animals in those contemporary
groups. Therefore, analysis procedures used in NCE adjust for these contemporary
group differences which result in genetic evaluations (EPOs) computed as though
all the cattle were raised in one giant contemporary group. If the contemporary
groups were for some reason improperly identified, say for example, 5 of bull B's
progeny in group 2 were in a different pasture, the estimate of the contemporary
group effect could be wrong and perhaps bias the sire evaluations.
In order to understand the computation of an individual's weaning EPDs for
growth let us examine several of the factors involved. First, remember all that
is available to us for the identification of superior genetics are the records
on individual animals. All of the analytical procedures are designed to separate
the environmental and genetic factors affecting an individual's record thus
providing a prediction of the individual's genetic worth. Thus as one thinks
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about factors affecting the EPD of an individual we are actually considering the
genetic and environmental effects on the record of the individual.
The first factor to consider is the genetic makeup of the individual which
is referred to as its breeding value (EPD = 1/2 Breeding Value). Obviously, this
is the factor of most concern because it is directly related to the EPD of the
individual. Another factor which comes to mind immediately with respect to a
weaning record is the milking ability of the individual's dam. The milking
ability of the individual's dam can be represented by her milk breeding value (2
times her milk EPD). Milking ability EPDs or breeding values are expressed as
pounds of weaned calf (not pounds of milk). The milk breeding value of the dam
represents her genetic potential for milking ability. A cow may have tremendous
genetic potential for milking ability but may never exhibit that ability due to
environmental effects (eg. suppose a high milking cow contracts mastitis). Thus,
a third factor affecting an individual's weaning record might be any permanent
environmental effect decreasing or increasing the milking ability of the
individual's dam. The final factor which was discussed above is the contemporary
group effect. These four factors explain much of the variability in weaning
weight records; however, not all of the variation is explained by these factors
thus there is a fifth factor which we will simply refer to as unknown or error.
Now that the factors affecting the weaning record of an individual have been
identified it is possible to develop a mathematical model representing the record
in terms of these factors:
Weaning Weight Record= Contemporary Group Effect
+ EPD of the Individual's Sire] Breeding
+ EPD of the Individual's Dam
Value of
+ Mendelian Sampling Effect
the Individual
+ Milk Breeding Value of the
Individual's Dam
+ Permanent Environmental Effect
of the Dam
+ Unexplained Factors or Random Error
Notice in this equation that the individual's breeding value is represented
by the sum of its parental EPDs and a Mendelian sampling effect. The Mendelian
sampling effect accounts for the fact that an individual receives 1/2 of his
genetic makeup from each parent in a random fashion. The Mendelian sampling
effect is the reason that even full-sibs (offspring of the same parents) show
considerable differences.
An equation similar to the above is developed for every individual in the
breed which has a legitimate weaning record. These equations are solved by
iterative techniques providing values for each entry in the equation to the right
of the equals sign including the breeding value of the individual. The EPD is
given by dividing the breeding value of the individual by two.
Keeping in mind that an individual's EPD is equal to 1/2 his breeding value,
the following gives an individual's weaning growth breeding value:
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Breeding Regression X
Value
= Coefficient

Regression

+ Coefficient

X

Record of the individual - contemporary ]
group effect - milk breeding value of
- permanent environmental effect of
[ dam
the dam
Sum of breeding values for relatives of ]
the individual (note: this includes sire
and
[ dual dam and/or any progeny of the indivi-

Regression
[Sum of breeding values for mates of the
- Coefficient X 112 individual (note: applies when progeny
are available)
+ jadjustment for the relationship between growth and milk

L(note: in some breeds assumed to be zero)

J

J

Subtracting the contemporary group effect, milk breeding value of the dam
and the permanent environmental effect of the dam adjusts the record for those
environmental factors. After these factors are subtracted the portion remaining
more adequately reflects the genetic makeup of the individual for growth. The
regression coefficients are weighting factors computed according to the
relationship between each piece of information contributing to the individual's
breeding value thus allowing the combination of information. Note that any
combination of the possible information may be used to compute the breeding
value. Notice also the procedure will go back in the pedigree to the sire and
dam of an individual or forward in the pedigree to any progeny available. Mates
of the individual are adjusted for by subtracting 1/2 of the mate's breeding
value when progeny records are available. Finally if there is a relationship
between milk and growth it can be accounted for in the procedure.
A numerical example will show the importance of each factor in computations
of an individual's EPD.
The following example is for two young calves
(nonparents) which are full-sibs (same sire and dam) and it is data taken from
one of the breeds presently being analyzed at the University of Georgia:
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Weaning
weight

Contemporary
group
Ratio
effect (lb)

(1 b)

Breeding
Values (lb)
Sire
Dam

Dam's milk Dam'sbreedi ng P. E.
value {lb) (lb)

calf A 645

120.9

469.96

70.0

14.2

15.6

15.5

calf B 570

102.9

486.80

70.0

14.2

15.6

15.5

Calf A
Breeding value= [.143 (645 - 469.96 - 15.6 - 15.5)

EPDA =

~ _

(20.56 + 36.09)

=

bution

<

+ .429 (70 + 14.2)]
=

"'<---~ Record

contri-

Pedigree contribution

56.65

28.32 lb

2

Calf B
Breeding Value= [.143 (570 - 486.80 - 15.6 - 15.5) -.. . .~~ Record contribution

<

+ .429 (70 + 14.2)]

= (7.44
EPDB _ ~ _
2

+ 36.09)

Pedigree contribution

= 43.53

21.76 lb

As you can see only individual records and parental values enter into the
computations since these two animals have not yet produced progeny. In the case
of these full-sibs the only differences in the computations are the records and
the contemporary group effects. Calf A has a larger weight (645) than calf B
(570) but in addition the contemporary group effect (which might be thought of
as an adjusted contemporary group average) for calf A (469.96) is smaller than
the one for B (486.80). Calves in B's contemporary group had a 16.84 pound
environmental advantage which is given by the difference between the contemporary
group effects (486.80 - 469.96). Thus calf B had a somewhat better environment
in which to make his record. The effect of this better environment is adjusted
out when the contemporary group effect is subtracted from the calf's record.
Calf B did not grow as well as calf A, plus B had a better environment than A
therefore the record contribution to the breeding values for the two calves was
20.56 versus 7.44 pounds for A and B, respectively. Notice the pedigree
contribution for both calves is larger than either record contribution which may
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not always be the case. Obviously, the pedigree contribution to an individual's
EPD depends on how large the EPDs (breeding values) are for its parents.
Breeders should also note that the 18% difference between performance ratios
translates to only a 6.56 pound difference in EPDs for these two calves. Ratios
and weights may be misleading with respect to actual genetic transmitting
ability. In the case of these two animals selection on weight or ratio would
have retained the genetically superior individual. It should be noted as groups
become more diverse with unrelated individuals, selection based on EPDs will more
often retain the genetically superior individual than either weights or ratios.
The fo 11 owing is a comparison of two sires with progeny. The table contains
information for sire A (breeding value = 88.4; EPD "' 44.2 lb) and sire B
(breeding value= 132.2; EPD • 66.1 lb).

Number
Individual
Individual Average weaning
Weaning
Weaning
Sire
Dam
bull
ratjcs cf grcgea~ Contemporary Performance Breeding Breeding
ID
Number
Average Groups
Pounds {Ratio) Value (lb) Value(lb)
A

408 males
369 females

105.0
103.9

178(9703)*

703 (124.5)

65.4

20.0

B

424 males
403 females

105.8
104.7

71 (3547)*

729 (136.5)

150.4

45.8

*Number of contemporaries in parenthesis raised with progeny of A and B.
Notice the average progeny ratios do not reflect the difference in EPDs for
sires A and B. The following will show why these averages are not indicative of
the EPDs for the two sires. First, examine the following table which gives the
contribution (in pounds) of each available piece of information to the sires'
breeding value and subsequent EPD:
Sire Sire's own
ID
record

Sire's
parents Progeny

Adjustment
for mates

Breeding
value (lb)* EPD (lb)

A

.1103

.2219

94.4230

-6.3611

88.3941

44.2

B

.1813

.5179

171.0545

-39.5536

132.2000

66.1

*Sum of the previous four columns, EPD

=

1/2 Breeding Value.

The EPD for A is given by (.1103 + .2219 + 94.4230 - 6.3611) + 2 = 44.2.
The EPD for Bis given by (.1813 + .5179 + 171-.0545 - 39.5536) + 2 = 66.1. It
is readily seen that the major contribution to each sire's EPD comes from their
progeny (94.4230 and 171.0545). A sire's own record and his ancestor's account
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for a very small part of his EPD when large numbers of progeny are available and
particularly when the progeny are far above or far below average.
Note there is a larger adjustment for mates of sire B than sire A (-39.5536
-6.3611, respectively). The reason for this is that sire B was mated to cows
superior to those of sire A. The average EPD for sire B's mates was 39.8 lb
whereas sire A's mates averaged 6.4 lb. Even after adjustment for superior mates
B still had the larger EPD.
Y.s.

Observation of the table including the adjustment for mates does not yet
answer our question as to exactly why B's EPD is so much larger than A's. The
answer is found in the genetic competition within the contemporary groups in
which the progeny of these two sires were raised. Average breeding values for
the sires and dams of other progeny in the contemporary groups in which sire A's
progeny were raised are 40.6 and 13.4 lb, respectively. The averages for sires
and dams of progeny raised contemporarily with sire B's progeny are 61.4 and 34.4
lb, respectively. This simply says that the genetic merit (measured as breeding
value) of the contemporary groups in which sire B's progeny were raised was
greater than those in which sire A's progeny were raised. This coupled with the
fact that sire B's progeny averaged 46.1 lb more than their contemporaries while
sire A's progeny averaged only 2.2 lb more than their contemporaries results in
the large difference seen in progeny contribution to their EPDs. This genetic
competition within contemporary groups is not reflected in performance ratios
thus reducing their value as an aid to selection, particularly in comparisons
across herds. Clearly, NCE accounts for this and other factors making the EPDs
more precise for across herd comparisons.
An accuracy value is computed for each EPD which provides an indication of
the reliability of the EPD. Accuracy values range from zero to one with values
closer to one indicating greater accuracy or reliability of prediction.
Unfortunately, accuracy values are only approximations and may sometimes
underestimate or overestimate the true accuracy of the EPD.
Mixed linear models (BLUP) are finding widespread application in the beef
cattle industry. The procedures provide a most accurate method for making
selection decisions. Today's cattlemen, both purebred and commercial, who learn
to use the genetic information available in a creative breeding program will
achieve greater profitability over time. This is because genetic stability will
allow for sound management decisions including those decisions affecting,
marketing and merchandising.
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CURRENT STATUS OF NATIONAL CATTLE EVALUATION PROGRAMS FOR CARCASS TRAITS
LARRY BENYSHEK1
THE UNIVERSITY OF GEORGIA
ATHENS
At present, diet conscious consumers are exerting considerable pressure on
the beef industry. Consumers continually indicate they are concerned about, and
in fact, will not tolerate fat associated with red meat products {Breidenstein,
1988). This has resulted in many retailers trimming various cuts of beef to 1/8
inch of subcutaneous fat and in some cases a complete trimming of fat. It is
probably conservative to estimate the industry produces an excess of 500 million
pounds of fat each year from those carcasses with a yield grade above two. This
excess fat represents the nutritional energy in more than a million yield grade
2 carcasses, each weighing 650 pounds. However, because the consumer is also
concerned about palatability, the industry at present seems to have no
alternative except to feed beef cattle for more than an optimum length of time
in order to provide some assurance of "quality". In addition, the packing
industry's reliance on dressing percent provides for an even greater emphasis on
feeding cattle beyond the optimum length of time.
In addition to excess fat produced in the 12.1 billion pounds of graded
beef, there is considerable inefficiency in the production of nongraded or noroll beef. No-rolls may represent 35-36% of the steers and heifers slaughtered.
Most no-rolls are either yield grade 4s or in the Select quality grade category.
Conservative comparisons of average prices for Choice, yield grade 3s versus 4s,
and Choice versus Select yield grade 3s indicates these no-roll carcasses would
have had an added value of $578 million had they been in the Choice, yield grade
3 category. It is obvious that feeding and management alone cannot solve this
inefficiency problem in the beef industry. The solution will require genetic
manipulation of the raw product utilized by the packing and retail segments of
the industry. At present, genetic manipulation available to the industry is
either crossbreeding or selection; and both will be required for an efficient
industry. However, permanent changes caused by selection should be considered
as a method of controlling within breed variability, thus increasing uniformity
of carcass product from crosses of breeds. Crossbreeding will aid the efficiency
of production primarily through hybrid vigor for reproduction. Selection will
have its effect on growth and carcass product. Commercial producers must have
assurances that their selection of bulls within breeds provide germ plasm which
wi 11 enhance the efficiency of breed crosses and not negate breed
complementarity.
The accurate prediction of genetic values for carcass characteristics of
economic importance to the beef industry would provide the necessary stimulus for
a value based marketing system. Accurate carcass trait genetic values within a
breed would allow commercial producers to develop breeding programs which would
assure uniformity of specification products. The ability to accurately predict
1

Presented at the Beef Seedstock Symposium, South Dakota State University,
Brookings, December 13-14, 1991.
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TABLE 1. AVERAGE HERITABILITY ESTIMATES FOR CARCASS TRAITSa
Average h2
.48

Carcass wt.
Retail Product
Weight
Percentageb
Fat trim wt.
Fat trim%
Bone wt.
Bone%
Kidney fat wt.
Kidney fat%
Fat thickness
Ribeye area
Marbling Score
Warner-Bratzler Shear

.51
.49
.55
.57
.50
.53
.75
.83
.43
.40
.41
.31

aKoch et al. (1982); Wilson (1987) and Benyshek et al. (1988).
bCutability: estimated percentage of retail product from round,
loin, rib and chuck.

carcass Characterjstjcs
The three traits: fat thickness, ribeye area and marbling score will
probably receive the most attention in selection programs. All three traits are
moderate in heritability and could be changed significantly with intense
selection over a short period of time. However, there are several problems that
must be addressed before a National Cattle Evaluation program can be implemented.
The first and most impending problem is identifying a mechanism for collecting
carcass data. The National Cattlemen's Association, with the help of the Kansas
Beef Board, is developing a national carcass data collection program which will
be a first step in obtaining the necessary data for an NCE program focused on
carcass traits.
A second problem is identifying what data to collect and at what endpoint.
For example, the endpoint could be at a fat thickness, grade or weight. The same
character, say ribeye area, may be interpreted differently at each of these
endpoints. This problem will not easily be solved and the usefulness of large
amounts of data at different endpoints is questionable.
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A final problem which wi 11 have to be addressed is how will other
production traits change as the genetics for carcass characteristics are changed.
For example, research based on breed differences seems to indicate that as cattle
become leaner reproductive efficiency decreases.
A slight decrease in
reproductive efficiency would negate all of the profit envisioned with improved
carcass characteristics. The general question of how the female counterparts of
the desired lean steers perform as brood cows will need to be answered for an
overall efficient industry.
Generally, for a NCE program to work for carcass traits, large numbers of
individuals must be measured. This will be difficult if the data has to be
gathered on carcasses at a packing plant. Live animal measurements which are
good indicators of carcass traits will have to be developed if NCE is to be
successful for carcass traits.

Ultrasound Technology
One major breakthrough in the last couple of years has been the development
of portable ultrasound technology for live cattle imaging. This holds out the
possibility that we may now be able to collect actual carcass data for ribeye
area and backfat on breeding animals and progeny without the time and expense of
slaughter tests. Ultrasound is not without its 1imitations ( for instance,
marbling cannot currently be measured with acceptable accuracy) but it does
appear to be fast, accurate for some traits and certainly less expensive than
slaughter tests.
Before this new technology can be incorporated into current genetic
evaluation programs, studies must be implemented by breeds to obtain reliable
estimates of heritability for various imaged carcass traits. In addition, as
selection for net merit becomes more important, multiple trait selection will
require a clear understanding of phenotypic, genetic and environmental
relationships among a variety of production traits including growth, carcass and
reproduction.
Arnold et al., 1990 at The University of Georgia analyzed a field dataset
(n=2411) from the American Hereford Association consisting of ultrasound images
of ribeye area and fat thickness on yearling bulls.
This study found
heritabilities for ribeye area and fat thickness measured via ultrasound to be
.28 and .26, respectively. In the same study an analysis of actual carcass data
from Hereford steers provided heritability estimates of .46 and .49 for ribeye
area and fat thickness, respectively. These two analyses show that there is some
difference in the variability associated with ultrasound images and actual
carcass data. In this case the datasets were both Hereford (steers in one
dataset and bulls in the other dataset) and sires did not overlap so they were
essentially independent datasets. A very important difference between the two
datasets was in the genetic correlations between the two traits. In the actual
carcass data, the genetic correlation was found to be -.37 indicating as one
characteristic increased the other would decrease. In the ultrasound dataset on
yearling bulls the genetic correlation between fat and ribeye area was .48 which
was just the opposite of the steer data. It may be that these characteristics
are not the same traits in steers and intact males. The positive correlation in
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percent to ~ percent higher assistance rate.
Several researchers have reported that calves
requiring assistance weigh 5 lb to 7 lb more than
those born without assistance. Research has also
shown that the impact of birth weight on
dystocia is much greater in 2-year-old cows, and
that as cows become older, birth weight assumes
less significance.

Table l. Effect of dam's age on calving
difficulty
Dam's
age (years)

Research station
MARC
CSU

2

% calvini difficultv
54
30
16
11

3
4

5 (and over)

7
5

7

Pelvic Area

3

Calf's Birth Weight and Sex
Table 2 is taken from a Miles City study
correlating calving difficulty with several traits
in two-year-old Hereford and Angus heifers. A
perfect correlation would be 1.0; anything over
0.40 was highly significant; 0.18 to 0.40,
significant; less than 0.18, nonsignificant. Birth
weight of the calf was the trait most highly
correlated with calving difficulty, followed by
sex of calf. Pelvic area, gestation length, and
cow weight had considerably less influence.
Much of the influence of sex of calf is believed
to be indirect, through its effect on increased
calf size. However, after correcting for birth
weight, differences in dystocia between sexes
still remain, suggesting that other factors besides
fetal size may be involved.
Table 2. Effect of various traits on
dystocia in Hereford and Angus Heifers

Hereford

Table 3. Effect of birth weight and pelvic
area on calving difficulty in
first-calf heifers
Calving
difficulty
score

Yearling
pelvic area
(cm2)

1 (no asistance)
2 (minor assistance)
3 (major assistance)
4 (caeserian)

Breed of cow
Trait

It is generally agreed that a major cause of
dystocia is the disproportion between the size of
the fetus and the pelvic opening of the dam,
especially in
first-calf heifers.
This
disproportionality is illustrated in Table 3, which
is a summary of data from CSU. As birth
weight increased and pelvic area declined,
calving difficulty increased. Relative to the
amount of variability in the two traits, changes
in birth weight were considerably greater than
changes in pelvic area.
Unfortunately,
phenotypic correlations between pelvic area and
calving difficulty are not high, averaging only
-.20 (Table 2).

Angus

Correlation with dystocia
Calfs birth
weight
.54
.48
Calf s sex
-.47
-.26
Pelvic area,
precalving
-.18
-.22
Gestation length
.25
.10
Cow wt., precalving -.01
-.20

As birth weight increases, percent assisted births
increases 0. 7 percent to 2.0 percent per pound
of birth weight. Compared to heifer calves, bull
calves have slightly longer gestation length,
weigh 5 to 12 lb more at birth. and exhil.,it a 10
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Calf
birth wt.
(lb)

151
145
141

72
77

131

94

82

Heritability estimates for pelvic area are
moderate to high, averaging about .50. This
means that selection for larger pelvic size can be
quite effective. However, several studies have
demonstrated a positive relationship between
pelvic area and body size (weight and frame)
from birth to 18 months.
Consequently,
selection for increased pelvic area without some
constraint on body size could possibly result in
a parallel increase in birth weight and mature
size and little change in calving ease.
Therefore, it has been recommended by several
researchers that selection for increased pelvic
area be conducted within a size category.

betwet!n breeds of sires in calving difficulty and
binh weight. In Cycles I. II and III (1970-76)
at MARC, average assistance rates and binh
weights of half-blood calves sired by 16 diverse
breeds ranged from 2.9 to 20.4 percent and
from 68.6 to 90.6 pounds, respectively. In
Cycle IV (1986-89), the ranges were 0.3 to 9.2
percent and 71.3 to 90.2 pounds. In general,
birth weights and assistance rates increased as
mature size and growth rate increased.
Breed of Dam
Breed of dam effects on dystocia and binh
weight do not follow a consistent pattern, except
for Zebu-influenced females. Data from many
sources clearly demonstrate that as the
percentage of Zebu breeding increases in the
dam, birth weight and dystocia decline. In
Cycles I, II and m at MARC, Brahman- and
Sahiwal-sired F 1 dams exhibited assistance rates
of only 1 and 2 percent, respectively, compared
to a range of 7 to 17 percent for 14 European
breedtypes.
Uterine Environment

Researchers at MARC reported that fetal growth
during the last 20% of gestation is dramatically
lower in Brahman than in Charolais cows, which
helps explain the lower birth weights of calves
from Brahman-influenced dams, as noted above.
They provided evidence which suggested that
this difference is due to differences in uterine
blood flow and function of the utero-placental
tissues. Research at Miles City has likewise
shown that diverse breeds of dams differ greatly
in the growth rate of the fetuses they are
carrying.
Hormonal Control

Several hormones are associated with parturition
(e.g., ACTH, cortisol, estrogen, prostaglandin,
progesterone, oxytocin and relaxin). Increased
blood levels of relaxin prior to parturition have
been shown to enhance cervical and pelvic
dilatation, resulting in normal delivery of the
fetus. Unlike some species, circulating blood
concentration of relaxin in cows remains
consistently low the last days of pregnancy.
Iowa research has shown that injecting first-calf
heifers with relaxin within the last 5 to 6 days
before calving significantly reduces the incidence
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of dystocia. Cows can be induced to calve
within 48 to 60 hours by injecting them with a
corticosteroid or a prostaglandin within 10 days
of parturition.
However, such treatments
commonly result in difficult calvings and
retained placentas. When the Iowa researchers
combined relaxin with either dexamethasone (a
corticosteroid) or cloprostenol (a prostaglandin),
these problems were reduced significantly.
Whether hormonal control of parturition can
become a practical management strategy remains
to be determined.
Geographic Region
Hereford cows of comparable genetic make-up
were moved from Miles City, Montana, to
Brooksville, Florida, and vice versa. Ten years
after this switch was made, birth weights in the
Montana herd that had been moved to Florida
had declined from 81 lb. to 64 lb. Conversely,
birth weights in the Florida herd that had been
moved to Montana had increased from 66 lb to
77 lb. Other studies have yielded similar
results, indicating that calves of comparable
genotype will be born lighter in the south than in
the north.
Season of Year

Research has shown that calves born in the fall
of the year are generally lighter in weight and
experience less dystocia than those born in the
spring.
Environmental Temperature

Prolonged exposure to high environmental
temperatures will result in reduced birth weights,
which can in tum lower the incidence of
dystocia. There is less information on cold
stress. However, the available data have shown
that low environmental temperatures are related
to heavier birth weights and increased calving
difficulty. It is likely that differences observed
between geographic regions and seasons of the
year, as discussed above, are related to
differences in environmental temperature.

of obesity has been shown to increase the
incidence of dystocia.
Texas researchers
reported that as fatness score increased above a
moderate level in first-calf Santa Gertrudis
heifers, calving difficulty increased. They
concluded that efforts should be made prior to
calving to prevent over-conditioning of females
in an effort to reduce dystocia.

late-fed than for the early-fed cows. Similar
research conducted at the Brandon Research
Station showed a 13.5 percent reduction in cows
calving between midnight and 7:00 a.m.
Exercise
Forced exercise for several weeks prior to
calving has been shown to improve the calving
ease of closely confined dairy heifers.
However, Miles City researchers could find no
difference in calving ease between heifers
maintained in a typical feedlot and those forced
to walk 2 miles a day. It was concluded that
unless beef heifers are under extremely close
confinement, exercise is of no benefit in
reducing dystocia.

Implants and Feed Additives

Numerous studies have shown that implanting
heifer calves with zeranol (Ralgro~) increases
pelvic area at breeding time. However, in most
instances, this increase did not persist up to
calving time and there was little effect on
calving difficulty. Similar results have been
reported when Synovex-C~ implants were used
on suckling heifer calves. Some producers
believe that feeding an ionophore such as
monensin (Rumensin~) or lasalocid (Bovat~)
increases calving problems. However, research
has shown these compounds have no effect on
gestation length, calf birth weight, pelvic area,
or dystocia.

Calving Time Management

Feeding Time
The time of day the cow herd is fed during
calving season has been shown to influence
when calves are born. The data indicate that
cows fed at night are more apt to calve during
daylight hours when they can be observed
closely. Gus Konefal, a Hereford breeder in
Manitoba. was the first to recommend this
feeding strategy. Consequent! y, it has been
called the "Konefal Method" of daytime calving.
This system involves feeding twice daily, once
at 11 :00 a.m. to 12 noon and again at 9:30 p.m.
to 10:00 p.m. This regime starts about 1 month
before the first calf is born and continues
throughout the calving season By following this
feeding program, Konefal reported that 80
percent of his cows calved between 7:00 a.m.
and 7:00 p.m. Similar results were obtained in
a study at Iowa State University. These two
studies prompted Miles City researchers to
conduct a 3-year study on feeding time. Their
results were not as dramatic as those of the
earlier studies. Nevertheless, the percentage of
cows calving between 10:00 p.m. and 6:00 a.m.
was consistently 10 to :o percent lower for the
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In addition to knowing how to give assistance, it
is also important to know when to help. For
years, the general recommendation was to
intervene if the cow was in intense labor for 2 to
3 hours without making progress. Research at
Miles City suggests that it may be beneficial to
give assistance earlier. They reported that
intervening as soon as the cervix was fully
dilated and the membranes and the calf s feet
extended from the vulva (beginning of second
stage of labor) resulted in significant advantages
over a group of females that received no
assistance unless it was needed to save the calf.
These advantages were: higher percent in heat
at beginning of breeding season (91 percent vs.
81 percent); higher first service conception rate
(75 percent vs. 60 percent); and higher
pregnancy rate in October (90 percent vs. 76
percent). These advantages were observed in
mature cows as well as in first-calf heifers. It
was reported that duration of the second stage of
labor averaged 54 minutes for heifers and 23
minutes for cows. Out of this research, the
following time limit was set at the Miles City
station: if definite progress has not been made
after 1 hour of intense labor, the calf is pulled.
They caution, however, that the cervix should be
fully dilated and the calf s feet visible. Also,
the position of the fetus must be normal; for
example, if either of the legs or head are back
they must be corrected before assistance is
given.

daughters should be beneficial.

time they calve as 2-year-olds.

Pelvic Area

2.

Please refer to the first fact sheet (Part Q in this
series for a complete discussion of selecting for
pelvic area.

Breed virgin heifers one heat period
before the mature cow herd and give
them extra attention at calving time.

3.

Know the pregnant female's nutrient
requirements. Neither underfeed nor
overfeed her. Body condition scores at
calving time should fall within a range of
S to 6 on a 9-point scale.

4.

Using the Konefal Method may cause
more females to calve in the daytime
when they can be observed closely.

5.

Know when and how to give assistance
and when to consult a veterinarian.

6.

Measure pelvic areas of potential
replacement heifers and cull the lower
end.

7.

Mate virgin heifers to low-risk bulls:

Selecting Natural Service Bulls
The producer who is not in a position to
artificially inseminate first-calf heifers does not
normally have the option of using highly proven
sires with high accuracy EPDs for birth weight
and/or calving ease. An alternative is to
purchase an older bull, known for his calving
ease, from another producer in the area.
Transmission of disease is a potential risk when
this is done. A more realistic option is to
purchase an unproven bull that has a low birth
weight EPD, a large pelvic area and a low
individual birth weight (adjusted for age of
dam). If birth weight EPDs are not available,
try to look for sons of highly proven calving
ease sires. Even better, look for young bulls
whose sire and maternal grandsire are both
highly proven calving ease sires.
If no
information is available except for an individual
birth weight, consider the age of the dam when
the bull was dropped because younger cows give
birth to lighter calves. Ideally, birth weights
should be adjusted to a 5- to 10-year-old dam
equivalent by adding the following adjustments:
2-yr-olds, 8 lb; 3-yr-olds, 5 lb; 4-yr-olds, 2 lb;
11-yr-olds and over, 3 lb. These are standard
adjustments published by the Beef Improvement
Federation; some breeds have their own
adjustments.
However, relying solely on
individual birth weight is risky business. A low
birth weight bull whose sire may have
unknowingly been a high birth weight sire is not
likely to be a good candidate for use on virgin
heifers.
Summarv

In summary, research has shown the following
strategies to aid in alleviating calving problems:
1.

Develop heifers properly so they achieve
at least 65 percent of their mature weight
by breeding time and 85 percent by the
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8.

a.

Proven AI sires with high
accuracy EPDs for birth
weight and/or calving ease.

b.

Unproven bulls with low
birth weight EPDs, large
pelvic areas and low
individual birth weights.

Retain daughters of sires that combine
low birth weight EPDs and high maternal
calving ease EPDs.

Impacts of Type on Feed and Market Requirements
Donald L. Boggs, Extension Beef Specialist
Department of Animal and Range Sciences, South Dakota State University

So you want to make them bigger! Or, do you want to add some milk to your cow herd? Improvements
in these and other traits offer opportunities to increase production through higher weaning weights. However,
the increased outputs are accompanied by increased feed and management inputs. Available research indicates
that the increased production may or may not outweigh the increased inputs.
Mature cow size and level of milk production are typically the factors considered when changes in cattle
type are discussed. Numerous research studies have been conducted to evaluate the effects of these factors
on biological and economic efficiency. In these studies, biological efficiency varied widely as conditions changed
from study to study. The bottom line was that no one type, breed or kind worked best under all conditions.
In fact, when biological efficiency was measured as the total energy required by a cow and calf to produce a
pound of edible beef, there were virtually no significant differences noted among the breeds or types.
Economic efficiency has varied according to the resources available. When an abundant supply of high
quality feed is available, the larger, heavier milking cow has generally been more profitable. However, when
the feed supply is restricted below the level needed to maintain high reproductive rates in these larger, high
producing cattle, the smaller cow with somewhat lower milking ability generally becomes the more economically
efficient.
Thus, commercial cattlemen must face the question, "How do I design a breeding and selection program
that produces cattle that are adapted to my resources?"
Effects of

~

Changes .Q.Q Nutritional Requirements and Reproduction

Let's first look at how various type changes affect the energy requirement (pounds of total digestible
nutrients (TDN) per day) of the cow. Cornell University researchers define (Table 1) the relationship of frame
score (FS) and hip height to mature cow weight and to TDN requirements postweaning and at two different
levels of milk production during peak lactation. Increasing cow size from FS 3 to a FS 5 results in an additional
145 lb of cow weight to maintain. This additional size requires an 11 % increase in TDN during gestation and
a 7 to 8% increase during lactation. If the feed is available, the larger intake capacity of the bigger cow will
generally allow her to consume enough feed to meet these higher requirements.
Table 1. Relationship of Frame Score and Hip Height to Mature Cow Weight
and Energy Requirements Following Weaning and During Peak Lactations

IQ~ lb i:lflC da~
Laciatico
Frame
score
1
2
3
4
5
6
7
8

9
8

Cow hip
height, in.

Mature
cow weight

Postweaninq

121b
per day

18 lb
per day

44
46
48
50
52
54
56
58
60

880
955
1030
1100
1175
1250
1320
1395
1470

7.4
7.9
8.3
8.7
9.2
9.6
10.1
10.5
10.9

11.6
12.0
12.6
13.1
13.6
14.1
14.6
15.0
15.5

13.2
13.7
14.2
14.7
15.2
15.7
16.1
16.6
17.0

Adapted from Fox et al., 1988.
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Stocking rates must therefore be adjusted to meet the demands of the bigger cows. The land necessary
to carry 1oo of the 1030 lb cows will carry approximately 92 of the 1175 lb cows and only 86 of the 1320 lb
cows. These additional feed costs have to be made up through additional calf growth or increased selling price
per pound.
The actual weight increase for each frame score increase in size will vary among different breeds and
cattle types. Therefore, the mature weights of larger framed cows could easily exceed the predictions of Fox
and coworkers. Researchers at Colorado State University projected cow weights for different frame scores (FS)
to be: FS 2-3 = 850 lb, FS 3-4 = 1000 lb, FS 4-5 = 1150 lb, FS 5-6 = 1300 lb, FS 6-7 = 1450 lb. Check the
weights on your own cows. Most producers are usually surprised by the mature weight of their current cow
herd; consequently, they have often failed to make the necessary adjustments in stocking rates and winter
feeding programs.
Heavier milking cows also require more feed. As shown in Table 1, increasing peak milk production from
12 lb per day to 18 lb per day requires approximately 1 1/2 lb more TON per day. This translates into a 10 to
14% increase in energy requirement, depending on the cow's size. The 1984 NRC indicates that increasing the
peak milk production potential of an 1100-lb cow from 10 lb per day (average) to 20 lb per day (superior) will
raise her daily requirement for energy by 25%, protein by 30%, phosphorus by 25% and calcium by 40%.
Whereas increases in requirements due to size were partially offset by increases in intake, increased intake due
to increases in milk production do not usually offset the increased requirements. Therefore, increased diet
quality (i.e., higher percentage TON), whether in the form of grain or higher quality forage, may be needed to
meet these higher nutritional demands (Table 2).
Table 2. Impact of Cow Size and Milk Production Level on
Feed Intake (OMI) and Feed Quality (% TON)
Cow
weight

OMI

1000
1200
1400

20.2
23.0
25.6

A'!lg milk

%TON

OMI

57
56
55

20.6
23.8
26.7

l:Hgb milk

% TON
67
64
62

Impact of Frame Size .QD Reproduction
When feed resources are restricted, the larger framed cattle are more susceptible to decreases in
reproductive performance. The results of an Iowa study (Buttran and Willham, 1987) demonstrate the interaction
that occurs between frame size and management conditions (Table 3). Under favorable management conditions,
there were no significant differences among small, medium and large framed first calf heifers in the percentage
cycling during a 42-day breeding season or in the percentage calving the following year. However, when
management conditions were marginal, the large framed heifers reacted more adversely. Even though
reproductive performance of both groups was depressed, the small framed heifers had both a higher percentage
cycling and a higher percentage calving than the large framed heifers.
Table 3. Effects of Size and Management on Reproductive Traits
of First Calf Heifers8
Trait

Favorable management
Small
Medium
Large

Cycling rate, %
Calving rate, %

98.5
84.9

8

98.3

97.9
81.6

84.5

Adapted from Buttran and Willham, 1987.
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Marginal management
Small
Medium
Large

83.8
73.8

81.5
67.5

63.1

53.0

If the acceptable carcass weight range is 550 to 850 lb, we need to produce feeder cattle (steers and
heifers) in the 4 to 7 frame score range. For a herd of small framed cows (frame scores 2 and 3), bulls with
frame scores of 6 to 8 would be needed to generate the desired frame score in the offspring. However, calving
difficulty could definitely be a problem in this instance of using larger mature size bulls on the small cows. For
moderate framed (4 to 5 frame) cows, bulls in the 4 to 7 frame score range would be desirable. For large
framed cows (6 to 7 frame score), bulls of the same frame score or smaller would be needed to produce the
specified feeder cattle. If packer pressure narrows the acceptable carcass weight range, the acceptable range
in frame scores for feeder cattle will also narrow and breeding programs will need to be adjusted accordingly.

The predicted impacts on market steers and replacement heifers from using various frame score bulls on
1050 lb and 1150 lb cows are shown in Table 5. Even though the changes in weight are not as dramatic as
one might think, one must be aware that these predictions are averages and that the extremes of the calf crop
can quickly move outside of acceptable weight ranges. Also, it is important to realize that "frame creep"-where
frame size increases as a correlated response to selection for increased growth rate-usually occurs gradually
through a series of selection decisions.
Table 5. Predicted Average Steer Market Weights and
Replacement Heifer Breeding Weights Sired by
Bulls of Various Frame Scores
FS 3-4

FS 4-5

Wt l050

Wt ll50

Bull FS

Steer wt

Steer wt

4
5
6
7
8
9

1065
1095
1125
1155
1185
1215

1135
1165
1195
1225
1255
1285

Cow size

Matching

~

FS 4-5

"1:IJ.

nso

Heifer
breeding wt
735
755
775
795
815

835

to Resources

There is no one right type or kind for all situations. Under different production environments, the different
cattle types will re-rank themselves in terms of production efficiency and profitability. Therefore, each producer
must evaluate the type of cattle that adapt and perform most economically in their own production system.
Selection for extremes, whether it be extreme frame, extreme weight, extreme muscling or extreme milk
production, is fairly easy, and rapid progress in the selected traits can be made. Remember, however, that
nature selects against extremes and, unless rapid change is needed, extremes in type really aren't needed,
either.
Many factors must be considered in a multiple trait, balanced selection program designed to produce
cattle that perform efficiently within their given resources and environment. It has often been said that we should
•match the cow to the environment and the bull to the marketplace• to truly capture economic efficiency while
meeting the needs of the consumer. For commercial cattle producers, this is best accomplished through a
planned crossbreeding that properly utilizes the variety of genetics that are available to the beef industry. As
seedstock producers, it is imperative that you establish the role that you want your breed and your herds to play
in the commercial cattle production scheme. Once that role is firmly established, you must then design your
breeding programs to produce cattle that meet the goals and objectives of your customers!
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